Our objective was to describe, in Australian and New Zealand adult intensive care units, the relative frequency in which various clinical criteria were used to predict weaning and extubation, and the weaning methods employed.
Numerous studies over the past four decades [1] [2] [3] [4] [5] have attempted to identify criteria and thresholds that accurately predict success or failure for the various stages of weaning critically ill patients from mechanical ventilation. An evidence-based review evaluating over 50 potential predictors found most had only a modest relationship with weaning outcome, with no single factor or combination associated with superior accuracy 6 .
Methods previously described to test physiologic reserve prior to commencement of weaning or extubation include direct or indirect measures of respiratory mechanics and respiratory drive, assessment of gas exchange, and cardiovascular, neurological and subjective responses to ventilatory failure 6 . Clinician judgment regarding weaning readiness is known to be imperfect, with consequences ranging from unnecessary prolongation of ventilator dependency 7 to high rates of reintubation. These consequences have been associated with adverse outcomes 8, 9 .
Few studies report which predictors are most used in current clinical practice, with no consensus on useful weaning predictors being identified among a group of respiratory therapists in North America 10 .
The purpose of the present study, conducted among senior medical staff working in Australian and New Zealand (ANZ) intensive care units (ICU), was to describe the perceived utility of various predictors for weaning and extubation readiness, and to quantify the methods preferred for weaning including the use of spontaneous breathing trials (SBT).
METHODS
Surveyed senior physicians (intensivists) comprised a voluntary subgroup of members from the ANZ Intensive Care Society Clinical Trials Group employed in adult ANZ ICUs already participating in a concomitant non-interventional cohort study of mechanical ventilation and weaning practices in Australia and New Zealand 11 . All completed deidentified questionnaires were forwarded to the central co-ordinating site for data entry and analysis. Approval for this study was obtained from the institutional review boards of participating hospitals and the University of Melbourne. Return of a completed questionnaire was considered evidence of consent.
The list of described predictors of weaning and extubation readiness was assembled by the authors through a multi-database search of electronic resources using the following keywords: 'weaning', 'weaning readiness', 'extubation' and 'extubation readiness'. The resultant list of described predictors was collected from many sources, including classic predictors 12 , those demonstrating modest accuracy 6 , those used in previous research as screening criteria for SBT eligibility 13 or as entry into a weaning protocol 14 , and those serving as a weaning assessment checklist 15 . Two predictors that required additional technology were also included 16, 17 . Before presentation to participant clinicians, the final questionnaire was refined through consultation between the authors and the various non-participant site research coordinators in Australia and New Zealand. The survey questionnaire sought to identify the overall use (as a binary indicator) in ANZ clinical practice of each of the listed predictors and the clinically-perceived accuracy (on an ordinal scale) of these various predictors for weaning and extubation success.
Participant intensivists indicated two visual analogue scale (VAS) scores for each predictor; one for weaning readiness and the other for extubation success. A score of 0 indicated the item was perceived as not at all predictive while a score of 10 represented a clinical expectation of perfect prediction for associated weaning or extubation success. Participants were directed to provide VAS scores only for that set of predictors they used, and to leave as blank any predictor scales not used in their clinical assessment of weaning or extubation readiness. Clinicians were also requested to indicate their most preferred weaning method and to state their maximum prescribed duration for SBTs if used.
Statistical methods
The proportion of respondents indicating each predictor used for their clinical determination of weaning or extubation readiness was determined and 95% confidence interval (CI) calculated. The differential utility of selected pairs of predictors of weaning (or extubation) success was compared using risk ratios with 95% CI. These were derived from 2×2 contingency tables with Fisher exact tests, which required the assumption that clinicians' choices between available predictors were independent.
The VAS for each question was summarised as median and 25 to 75% interquartile range (IQR). Comparisons of the perceived accuracy of predictors were performed using nonparametric Wilcoxon sign ranked tests of the VAS sores. A P value of <0.05 was considered statistically significant. All analyses were performed using SPSS 15.0 (SPSS Inc., Chicago, IL, USA) or Stata 11 (StataCorp LP, College Station, TX, USA).
RESULTS
A total of 164 surveys were returned from 230 requests made to intensivists employed in 55 ICUs (response rate 71%). These ICUs constituted 36% (55/153) of all adult ICUs that provided invasive ventilation to 20 or more patients each year in Australia and New Zealand 18 . Details of the organisational structure of these ICUs have been reported previously 11, 19 . Clinicians employed in Australian ICUs returned 119 (73%) questionnaires while 45 (27%) were from New Zealand. Participating intensivists had a median of 21 years (range 9 to 41) of total postgraduate medical experience and a median of 14 years (range 2 to 39) of ICU experience (in any capacity). The majority of participants (75%) held the Joint Faculty of Intensive Care Medicine medical specialist qualification, now known as Fellowship of the College of Intensive Care Medicine.
Predictors of weaning readiness Frequency of use
While no parameter was used by all 164 survey respondents for clinical assessment of weaning readiness, four predictors were used by more than 90% of participants. Only three participants identified presence of tracheal secretions as a useful predictor of readiness to commence weaning. Figure 1 summarises the perceived utility of various methods for predicting weaning readiness. Respiratory rate was considered the most useful predictor (median 8.0, IQR 7.0 to 8.6) followed by effective cough (median 7.3, IQR 5.9 to 8.2) and PS setting (median 7.2, IQR 6.0 to 8.0). Notably the presence of an effective cough was reportedly not used in clinical practice by 15% of respondents when assessing whether to commence a weaning trial, despite its high score for perceived accuracy. Sixteen of the 24 (67%) respondents who did not use effective cough as a predictor did consider the patient's GCS for predicting weaning readiness. At the lower end of perceived utility, five options in the questionnaire returned a median score of less than 5, suggesting a perception of inaccuracy for predicting weaning readiness. These included PI max , mean arterial pressure, electrolyte levels, the Acute Physiology and Chronic Health Evaluation II score recorded during the first 24 hours of ICU admission and measurement of P 0.1 . Similar proportions of participants reported using respiratory rate, GCS and PEEP level as a component of the decision process leading both to the commencement of a weaning trial and for later determination of extubation readiness (data not shown). Participants incorporated an evaluation of the PS setting somewhat more than the presence of an effective cough when assessing readiness to commence a weaning trial (154/164 versus 140/164 respondents, risk ratio=1.1, 95% CI 1 to 1.2; P=0.02), while somewhat less emphasis was placed on the PS setting compared to the presence of an effective cough when clinicians sought to predict extubation success (143/164 versus 154/164 respondents, risk ratio=0.93, 95% CI 0.87 to 1.0, P=0.06). Figure 2 illustrates the perceived utility of predictors of extubation readiness. Effective cough (median 8.0, IQR 7.0 to 9.0), respiratory rate (median 8.0, IQR 7.0 to 8.5) and GCS (median 7.9, IQR 6.1 to 8.3) were the three parameters considered most predictive of extubation success. As with weaning readiness assessment, PI max , mean arterial pressure, electrolyte levels, Acute Physiology and Chronic Health Evaluation II score, and P 0.1 had median scores below five indicating clinicians generally perceived these predictors to poorly discriminate patients' suitability for extubation. Of the four predictors regarded by survey respondents as most accurate for predicting progression through the stages of weaning (respiratory rate, effective cough, GCS and PS setting), respiratory rate was also perceived as similarly accurate for predicting extubation readiness (median scores 8.0 vs 8.0, P=0.6). In contrast, effective cough (median scores 7.3 vs 8.0, P <0.001), GCS (median scores 7.0 vs 7.9, P <0.001) and PS setting (median scores 7.2 vs 7.5, P=0.03) were perceived to show more accuracy for prediction of extubation success rather than earlier weaning commencement. Several participants identified the utility of identified predictors was the same whether assessing weaning or extubation readiness.
Perceived utility of prediction

Predictors of extubation readiness
Preferred weaning methods
The majority of participants (91/164, 55%) reported their preferred method of weaning was pressure support ventilation, defined as the gradual reduction of PS or a period of fixed low level of PS (Figure 3 ). SBTs were preferred by 22 (13%) participants, using a T-piece (15/22) or continuous positive airway pressure without PS (7/22), timed according to clinical assessment (19/22, 86%) in preference to a daily schedule.
A preferred duration of SBT was nominated by 136 participants. Less than 30 minutes was most common (44/136, 32%), with 30 to 60 minutes preferred by 40/136 (29%), one to two hours preferred by 30/136 (22%) and over two hours suggested by 22 (16%).
DISCUSSION
In this bi-national survey of adult intensive care practice, conducted as part of a ventilation and weaning research program 11, 19 , intensivists reported greatest preference for a relatively small number of traditional or conventional weaning and extubation readiness criteria, as opposed to predictors requiring more complex assessment or integration of more than one criterion. Participants in the current survey identified respiratory rate and effective cough as the two most accurate criteria for assessment of both weaning and extubation readiness. In contrast, explicit measurement of the neuromuscular drive to breathe and respiratory muscle strength were not popular clinical predictors. Respiratory rate as a predictor has been studied by numerous investigators and shown to have modest accuracy for all weaning stages 6 . As well, an effective cough has been evaluated as a predictor of extubation readiness for patients successfully passing a SBT in a small number of studies using a variety of methods including an observer-assessed Likert scale 20 , white card test 20, 21 and, more recently, cough peak expiratory flow [21] [22] [23] .
The rapid shallow breathing index was not reported to be widely used clinically in Australia and New Zealand. Despite evidence of its utility 6 , the rapid shallow breathing index was found in one randomised study to increase, as opposed to decrease, the duration of weaning 24 . Weaning readiness evaluated in another randomised controlled trial found that simple evaluation of only oxygenation parameters was adequate 25 . While it is likely that the utility of weaning predictors is influenced by the case mix of patients, a standardised weaning assessment may remain useful in patients where weaning failure may result in serious consequences 26 .
The present survey identified a perceived differential utility in ANZ ICUs of those predictors for detecting readiness to commence the weaning process compared to extubation. Notably the GCS and effectiveness of a patient's cough were deemed more important for prediction of extubation success rather than commencement of the weaning process, in accord with previously identified differences between extubation failure and weaning failure 27 .
Among the surveyed ANZ intensivists, pressure support ventilation weaning (defined as the gradual reduction of PS or a period of fixed PS prior to extubation) was the preferred weaning method. These self-reported results are in accord with a direct assessment of practice in these same ICUs 11 . Fewer ANZ intensivists favoured weaning using synchronised intermittent mandatory ventilation, a finding that reflects current international recommendations 28 .
Compared to the popularity of pressure support ventilation, SBTs incorporating a focussed assessment of a patient's capacity to breathe prior to extubation 29 were uncommon in ANZ ICUs, in contrast to other international findings 11, 30 . The present ANZ survey was not designed to determine the reasons underlying such infrequency of SBTs, however benefits otherwise described for daily SBT protocols 14,31 may be reduced in ICU clinical structures with high staffing levels that enable frequent assessment and titration of sedation and ventilatory support 11, [32] [33] [34] [35] [36] .
This investigation had a number of limitations. First, the survey data was self-reported. While such responses may not be truly reflective of actual practice, there was reasonable agreement between weaning method preferences returned by the present study and those identified in a contemporaneous, observational study within the same ICUs 11 . Second, the surveyed ICUs could be considered 'research aware', as shown by unit membership to the collaborative research interest group through which most were recruited. This may reduce the generalisability of findings across other nonparticipant ANZ ICUs. Third, the survey did not collect from the responding intensivists any systematic assessment of their rationales for selection of preferred predictors. Therefore, it is not possible to comment on the clinical justifications accompanying the observed differential preferences, nor the thresholds used to determine weaning and extubation readiness for individual predictors. Previously published work has demonstrated that such predictor thresholds may depend on the aetiology of respiratory failure 37 , timing of measurement 38 or the method of weaning 39 .
CONCLUSION
Classic predictors of weaning and extubation success, including respiratory rate and effective cough, were considered by surveyed intensivists to have more clinical utility than other more recently proposed or more complex measures of ventilatory performance. Cough effectiveness was judged more relevant to extubation decisions compared to assessment of weaning readiness. The reported clinical use of various predictors approximated their perceived predictive accuracy both for assessment of readiness to commence weaning from mechanical ventilation and for later successful extubation. Weaning using PS was the stated preference of most ANZ intensivists, although this preference may be influenced by the aetiology of respiratory failure and the prior duration of ventilation. Trials of spontaneous breathing to identify extubation readiness were not a preferred strategy.
